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 SUMMARY

- Pressure—distribution measurements were made in steady straight and
accelerated flight over both sidesof the horizontal—ta.il surface of a
typical pursuit airplane up to a Mach number of 0.79. The results showed
that a sharply increasing dowrrload was required to balance the increased
a.iving momesnt of the wing—f‘uselage-—propeller group at Mach’ numbers #bove
about 0.70. There was little change, up to & Mach nu.mber of 0. 65, of the
tail~load gradient (rate of increase of tail load for a unit change in
acceleletion factor); beyond that Mach number, however, & rapid decrease
of tail-load gradient to a Mach number of about 0.73 and then a very
sharp increase up to a Mach mumber of 0,785 was noted. The root bending
moments increased considerably on the right tall and decreased, to a
lesser extent, on the left tail at the higher Mach numbers, resulting in
increased fuselage ‘torsional momen'bs at high spéeds At the higher
values of 1lift coefficient (0.5 to 0. 8), there was, little change of the
lateral distance to the center of pressure up to a Ma.ch number of about
0.73; at the highest speed and at Iow iiff COeffic:tents (€ "to.0.1). the..
center of prebsure.wes .inbodrd:approxinately’ 3 fest on the left fall and
1.5 feet on the right tail as compared with the values at lower speeds.
It appears that satisfactory gquantitative data on total teil loads may
be obtained from measurements at four stations > equally spaced along the
entire tail span.

A comparison of experimental results with the calculated horizontal—
tail loading, using modified current Army specifications, showed that the
calculated compressibility corrections were small and, except at the
critical down—load conditlons, could be neglected. Because the varia—
tiong in the tail—off moment coefficient at zero lift and in airplene
stability were not predicted eccurately by modified current methods at
the higher Mach numbers, the computed tail loads, which showed good
agreement with the experimental loads at lower speeds, failed to predict
the changes in actual loading at the higher Mach numbers, The calcu—
lated root bending moments were unconservative as compared with the
experimental values over most of the speed range except at the highest
speeds where the actual center of pressure on the left and
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right tall moved inboard of the calculated value, The calculated asym-

metric loads and fuselage torsionsal moments were conservatlve as compared

with the experimental vaelues, The specified chordwise distribution of

the balencing-tail loeds: over the horizontal-tail surface was considera~

bly in error. under certaln conditicns, because. the. actual section angle

of attack (contrary to what was assumed) was not constant across the

tail span, and because the elevator angle wag not taken into account in
digtributing the chordvwise loads., o s -

INTROIXICTION

Strustural failures of the horizontal-tell surfaces of high-speed
mllitary sircraft have, occurred receéntly, raising the question of -
vhether cirrent design regulrements eaxe adequate for predicting the max-
imum horizontal—tail loads that axe likaly to be encountered in flight ——

To provide date a8 a basis for possible revision of eyisting design
requireménts, ‘préssure-distribution méasurements wore made on the - .
horizontal-tail surface of . a representative pursuit-type alrplane during .
various types of mansuvers in which it was thought critical loading con-
ditions on the tail might be obtained '

This: report “the first of aeveral reports on horizontal-tail loads
in steady stralght and accelersted flight, sideslips, and abrupt maneu-
vers, covérs the tall loads in steady straight end accelerated flight
over a range of speedé including those where compressibility effects
may become important The tall loading calculated according to slightly
modified, current design requirements 1s compared with the expcrimental
results, and an attempt 1s made to point out where and why tho applica-
tlon of these requirements results in failure of the designer to prodict
the actual loads and their distribution ovor the horizontal—tail surface,

' | I NP e
SYMBCLS o I __._ - - B
The Bymbols used in this roport are as follows'

by horizontal-tail span, feot

LY

My root bending moment. (positive when clockwise &8 seen from the rear),
foot-pounds

¢ locel tall chord, feet'

wing mean derod&naﬁic chord, feet

[el}
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section lood modulus, feet

propeller dlameter, feet
wing drag, pounds
free-gtream total pressure : . R ' T

pressure altitude, feet - Lo L.

tail length (distence from airplane c.g. to one-third maxlmum chord
point of tail), feet

free<stream Moch number

pliching moment (stalling moment is pogitive} s foot-pounds

torsional moment on fuselage due to horizontal-tail:loading {posi-
tive when moment is clockwise as seen from rear), pound-feet

Valr load ‘af horizontal tall (positive wvhen load ls a.cting upwa.rd.) ,

pounds.
free-stream statlic pressure Com e R -

standard atmospheric pressure at sea level _ T
pressure on lower surface, pounds per sguers foot

pressure on upper surface, pgund.s per équa.re _:f‘ob'b,

resultent pressure coefficient, [ (p; - py)/a)

free-.stream dynamic pressure, pounds per ;sqﬁa;-r'gifoot
horizontal-surfece aresa, squars feet

propeller thrust, pounds - Coee A e ., 0
trve alrspeed, miles per hour _
correct ind.ica:bed. a.irspeed. miies pér hour

average airplane welght during test runm, pound.s o

horizontel distance from center of gravity to merodynamic center of
wing (positive when c.g. 1s aft of a.c. of wing), percent M.A.C.
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x! horizontal dlstance from center of gravity to propellsr plane
(positive when c.g. is aft of propellor plane) feet

Z vertlcal distence from center of gravity to aerodynamic center
of wing (positive when c.g. is balow a.c., of wing), porcont
M.A.C. ,

z! verticel distance from center of gravity to- thrust line (posi-
tive vhon c.g. 1s above thrust line), foet . R

B sidesllp angle (positive when right wing 1s forward), degrees

B elevator angle (positive when trailing odge ig down), degrees
from thrusb exis

o] - air density, sluge per cublc foot

Cr, airplane 1ift coefficient (WAZ/qS )

Az the ratio of- the net aerodJnam1c force along the airplane Z-axis

1

(positive when directed upward) to the weight of the airplane

CMr * root bending-moment coefficient (Mf/qstbt) L
Cp, S ing d:r'ug cosfficient (D/qS )
CMP pitching-moment coefficient (MP/qSWE) _ o,

cMi; fuselage pltching-moment coefficient _ R

fuselage pitching moment

qSWE T SR S

Gw_ pitching-moment coefficient due to normal forde on pfbpéllgf”'

< pitching moment due to normal force on propellex'>
aSy°
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CMT torsional-moment coefficient (Mp/qSivy),

CNt tall normal.force coefficlent (N /qst&

T, propeller-thrust coefficiént (T/pv2a?)

cn section normal-force coeffliclient

(itail-section normel force )
gc

Subscripts
a-t eairplane minus teil °

L Teft

R right

o .. zern lift
t Itail

w wing

DESCRIPTION OF AIRPLANE

(CMr +
L

Gur )

The test airplane is & single-place, single-engine, interceptor—
pursuit, low-wing monoplane driven by a tractor propeller and equipped
with a retractable tricycle landing gear. Figures 1 and 2 are photo—
graphs of the airplane as instrumented for the flight tests. Figure 3
is a three-view drawing showing the general layout of the airplane. The
specifications of the test alrplane are as follows:
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Alrplens, general

Spm L] ) L] - L] L L[] . L] L[] » L L] . L) 1 . . . * L] - * . 3h.o ft

]bzlgth . . . . . . . . - . . . LI ] . . . * « s 30.17 ft

%.ﬁght L . . a . . . 3 Ll . . . . . . ’ 9027 ft
Horizontal tall

S« 2+ 13.0 £%

Area . . . e e e e e e e ] 40,99 8q £t

Arfoll section . . . . . . . "WACA a.pprox. 0010 to 0006 (1’13. k)

Stabilizer setting (relative to the airpla.né longitudinal axis . 2.25°

Elevator ares (including 4.3 sq ft of overhang balance) , . 16.89 sqg It
Nominel deflection . . . . ........... 35 up, 15° down
Wing
Airfoil section, oot . . . . . . . ¢ . 00w NACA 0015
Airfoil section, tip . . . s+ e« & « « « o+ . NACA 23009

Area, total, including ailerons a.nd

section pro,jected. through fuselage . 213.22 sq £t
Angle of incidence at root (relative o
to alrplane longitudinal axis) . . . . . . . . . ¢ . . .. 2.0
Geoms‘bricmshout.................. epprox. 0.7
Taper r&tio 0 » . . . . . . . . . . . . . * . L] . L] 1097:1
Meanaerod.ynamicchord . S < T ¢~ i
Welght
NOXmal SYoSB . v v v v v v o v o o ¢ o o e e e e e e . T629 1b
A flown . . . . L . s e e e e e e e e e e e T720 to T340 1b
Center-of-gravity positions
Hor¥zontal )
Most forward deslgn, gear up c e e o e e .o 0,232 MALC,
Normal gross weight, gear WP v v 4 v o v« . .. . 0,285 MA.C.
As flown, gear up L 0.303 M.A.C.
Vertical
Most forward design, gear up 4 s v e e e .. . 0,106 MA,C,
Normal gross weight, gear up s e s e e e s e . 0,077 M.ALC.
As Tlown, gear up (approx.) e e e v e - . . . 0,067 M.A,C.
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Engine
‘Iype .t‘n "‘ - » . » . - » 3 . . 3 - . . . 1] [ . . L} Alli EOII, V—l?lo-v85
Retings, without ram:

“Manifola | T Tme

bhﬁr'“ ' pressure | rpm Al?;:‘)"de 1 limit

. : (in. Hg) ' - CART) (m_in)

Take-off 1200 51.5 3000 Soa level 5

Militery 1125 4.5 3000 15,500_ 15

Normal 1000 39.0 2600 14,000 " Tone

Engins-propeller speed ratio . . « o 4 &« o 2 h 0 . . . .  2.23:1
Propelier ' ' ' ST LTI -

~Diameter ... . . e v .. 11.587f%

- Type . e . ' Three-bla.d.e hollow-steel selective e.utoma.tic pitch

©*J - ‘Blade.modsl . . B T T , - A-20-156-17

. i iMextmom pitch limits L. - L e . .. I 28° to 63°

.Direc'bion of rotation, as seen ‘by pilot .. e e "Clockwise

The horizonta.l tail of the test" a.irpla.ne was not & prod.uction type
&as extra ribs were pla.ced. in ‘the elevators to permit rigid installation
of the orifices at the desired stations, and doubler plates. were in-_
stalled in the lower stabilizer surface to reinforce cutouts necessary
for the instellation of the orifices. Figure 5 is a simplified picto-
riel drawing showing the added reinforcing feastures in the horizontal
tall of the test alrplane.

e o INSTRUMENTATION

Standard NACA photographically recording instruments were used to
meesure, as & function of time, the following variables: indicated air-
speed; pressure altitude; normal acceleration; engine manifold pressure;
engine speed; amgle of sideslip; rolling, yawing, and plitching veloc-
ities; elevator, aileron, and rudder positions and control forces; and
resultant pressure dilstribution on the left snd right horizontal—tail
surfaces. .

A freely swiveling alrspeed head was mounted on the end of a 'boom
extending approximately one chord length ahead of the leading edge of
the righ‘c wihg and located at a spanwise station a.'bout T feet inboard of
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the wing tip. The recording static head was calibrated for position er—
ror by comparing the altitnde-recorder readings with the known preasure
altitude as the airplane was flown past a reference height at several
speeds., The measured totel pressure was assumed to be correct. As used
in this report, indiceted airspeed was computed from the formula by which
standerd airspeed meters are gradusted. The formuls, which gives true
ailrspeed at standard sea—level conditions, may be written as follows:

Eo.zse i/2 .
1m3[ <~—2+1> —1]

A 60-cell pressure recorder, located in the rear section of the fu—
selage .between the oll tenk and the baggage compartment, was used to
measure the resultant pressures over the horizontal tail at the locations
listed in table 1 and shown in figure 6. In order to obtain accurate re—
sultant pressures (the algebraic difference of the pressures at the bottom
and. top surfaces), the orifices were located, as nearly as structural de-
tails permitted, one above the other on & line perpendloular to the chord
plane of the tail plane

-

PRECISION

. The precision with which the various quantities were believed to be
measuted in the tests is indicated in the following table: :

Iten Estimated precision
Normal acceleration +£0.05g
Elevator angle | B : S I 35
Sideslip angle I I  .:,.tl;O? _
Airspeed (to 200 mﬁh) _ , ' R izé-pércent
‘ (above 200 mph) - ilé percentj
Altitudz -;-i : ”,,} - S K ... 300 £t
Tail load (low speeds, ‘unaccelerated flight) - s f- o iﬁojib-.
(high apeed, accelerated flight) 100 1b

-
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The' pertinent pressure-measuring instruments were the alrspeed re—
corder, the altitude recorder, and the multiple~cell manometer.. The .
errors inherent in these pressure-measuring devices, and the possible
sources of error in obtaining loads and moments from pressure—
distribution meesiremsnts” are discussed’ fully in reference 1. Other
possible sburces of error considered were the presaure-lag charadteris="
tics of the tail lines and the procedure of fairing pressures over the
bulged elevetor assuming no change in section along the tail span., The
Pressure—lag characteristics of typical horizontel-tell lines were in~
veastigated, and 1t was found that the lag was negligible for the rates
of pressure change encountered in this investigation. ' Figure T presents
photographs of the elevator-fabric bulging of the test airplene in
Plight at -several values of . indica,ted. eirspeed. No a.ttempt was made to
correct the eleva.tor loada for :f.‘a.bric bulging S - eeiiheeo g

%

'F_LIGET PRCGRAM

- With the center’ of gra.vity 1oce.ted. at.30.3 percent of the mean aero—

dynamic chord. 13 'successful test runs were made .so that, at a pressure
altituds of 15,000 feet, a Mach number range of 0.30 up to about 0.80 -
was oovered. , In order to reach the regquired speed at the specified

; e.ltitude in. ‘bhe higher Mach nunber tests (0.70 and a.bove) it was neces—
sary. to dive the a.irpiane from progressively higher a.ltitudes . un'b:.l
finally 1n 2 dive a.pproa.ching terminal velocity in which a Mach’ rmmber
of 0.79 was attained, it wes found necessary to start the d.ive from the
alrplane service ceiling of about 32,000 feet. TFive dives were mdgdé to
Mach numbers of 0,70 and above, with the starting altlitude for these

. dives varying, from a.pproximately 24,000 fest to about 32,000 feet. Du~
plicate. tests’ .wére made, as ma.rly as possible, for. both the’ power-on ..
~and the. power—off condi‘bious g 'I'he required. tsest runs are listed. 1n the
..-.-follo-wing ta.ble _' .

L SRR . .
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oOwWelY - .CO. : T ' ot : O
e e N o R
C .170;.- 15,000 | 0,30 Stall
Power on (emgine = | 230 | 15,000 | 0 ko | 705 -
.. ‘power setting .-, | .290.. .|. 15,000 | .50 | "%~ 1
¥ of full throttle . | . 350 | 15,000 260 5
"iocvand 3000 rpm) . | WO | 15,0000 { .70 '} 5"
L e -} dyo ) 15,000 1 (.75, 5
B N X 10 15,000' , 80;”.' .5
170 15,ooo 0.30 Stall
Power off (engine 230 15,000 7o) 5
fully throttled, 290 | 15,000 .50 5
propeller in high 350 15,000 .60 5
. pitch) _ 410 15,000 .TO 5
tUT S I 15,000 5 5

A1l theee tests were performed by taking continuous records during
a8 gradual pull—out while the other conditions were held constant insofar
as possible The effects of pitching-accelerations of the magnitude
.megsured in these tests were small enough tc warrant no. further consid~
eration ’ S .

‘ Power—off tewts were run with. the engine fully throttled and the
mpropeller An high—pitch setting. Power<-on tests were run with an engine—
‘Power setting of full thrbitle -and 3000 rpm. Curves taken from
reference 2 showing the variation of brake horsepower (as determined by
reference to engine—power charts) with pressure altitude, and propeller—
blade angle and engine speed with true airspeed are shown in figures 8
and 9 for these power settings. -

RESULTS

Inasmuch as the power-off tests were not carried to Mach numbers
where major changes in tail loading due to compressibility were incurred,
end since the resulte from these tests showed good agreement with the
power-on results at high speeds up to the limit of the power—off tests,
the power--off curves are not presented or discusesed in this report. The
differences due to power at low speeds were in the expected direction.

|.
»
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 Variation’ of Horizontal-Tail igoa.d.s with Mach Number

.Reduction of desta.-~- The resultant pressures for each orifice ste—
tion were obtained at selected time pointes during each test run and
plotted against tail .chord to obtain the chordwise pressure distribution
et each spanwise station., The unit span loads, obtained by mechanically
integrating the chordwise pressure distributions, were plotted ageinst
tail span. From a consideration of the effect of fuselage wake onl the
dynamic pressure at the tail and the reduction in the tail chord due to
the elevator cut—out, it was decided to fair a constant load over the
fuselage equal to two—-third.s of the aversge loading of the left and.
right most inboard staticne. Integration of the spanwise-load curves
gave the left, right, and totel tail loads in pounds per unit dynemic
pressure. For the time poihte at which the tail loads were obtained,’
the corresponding values of asirplene 1ift coefficient and Mach number
were determined. In figure 10 are presented typical chordwise apd
spanwise load distributions. Sinde the original data were not reduced
80 that pressure distributions could be presented for even values of
Mach number and 1ift ¢oefficlent, plots most nearly approaching the
gselected. values of 1lift coefficient and Mach number are presented for
comparigon., For these distributions s four lift coefficients, 0.1, 0.2,
0.4, and 0.8, were selected, while the Ma.ch number va.lues chosen were
030 050, 65,0"(3, and0785 o S ‘ -

" In order to derive certe.in rele.ted. curves showing compressibility
effects on horizontal-tail loading, the basic data in coefficient form
as. determined from figure 10 and from similar figures for other Mach
numbers end 11ft doefficients not shown in this report were plotted as’
a function of airplene 1ift coefficient for several Mach number- groups
These groupse were divided as follows: - . -

[y

Mach number group | Average Mach number | . - . . -

M= 0.20 to 0.40 N 0.30

M= .40 to .60 S 500 S PO
M= .60 to 0 | .. 65 B |
k=70 to 75 o B N
S Y 15t .78 1 765

M= .78 to .79 - .785
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The above Mach number ranges were selected to provide emough aver—
age Mach number points to define subsequent derived curves., Figure 11
preosents the date for ssveral of the groups noted above to show the
relative experimental scatter of the date. The method of least squares
wag used to fit straight lines through these data since fairing through
experimental datas by eye tends to favor the end points.

Pressure distributions.- Several points of interest may be noted

in figure 10. First, the spanwise loading curves show clearly how the
down—~lvads on the ‘tail increaséd rapidly at Mach numbers above about
0.70 with the greater part of this incrementel load being carried by
the right tail. ' (See figs. 10(a) to (d).) Second, & change in chord~—
wise distribution at the highest Mach number (fig. 10(d)) was char—
acterized by greater negative pesk pressures (especially at the most
inboard sections), by the peak pressures extending over a greater por—
tion of the stabilizer chord, and by a decrease in the up—loads on the
elevator. There are at least three factors which may have contributed
to these changes in chordwise pressure distribution: (1) shock waves
may have Tormed over a portion of the horizontal-tail surface, since
the highest test Mach number (0.79) wes considerably higher than the
highest calculated éritical Mach number (fig. 12 taken from reference 3);
(2) an increase in up-elevator (which xresulted in reduced up-loads on
the elevator as well as a decrease in effective angle of attack of the
tail) was needsd to trim the airplane at the higher Mach numbers; and
(3} a change in the tail angle of attack may have occurred at a constant
value of 1ift coefficient at supercritical Mach numbers. This effect
would result from a decrease in the wing lift-curve slope and a change
in the wing span loed distribution (reference 2) with resulting chenges
in downwash distribution at the tail. An additional point of interest
in connection with the changed chordwise distributions is that the
negative pressure peeks at the inboard stations (AL and AR) did not

flatten out és they did at the outboard stations. Pogsible reasons for
this are that a reduction in dynamic pressure occurred at the inboard
stations due to the fusslage boundary layer, and the rate of change of
downwash with airplane angle of attack was different at the inboard
stations because of the presence of the fuselage.

Tail normal-force coefficient.— By cross—plotting the values of

tail normal-force coefficients in figure 11 against Mach number, figure
13 was obtained. The variation of the tall normal-force coefficients
with Mach number in the low to intermediate speed range (M = 0.30 to
about 0.65) can be attridbuted mainly to the several effects of power,
The curves presented in figure 13 also show very clearly the sharp
change toward negative tail loads beyond a Mach number of 0.70. This
repld increase in down tail loads beyond the criticel wing Mach number
(0.69 for NACA Q015 section at CLW = 0) may be seen from reference 2
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to be the result of shock waves forming on the upper surface of the
wing; the resulting decrease in the negative pressure pesks over the
forward portion of the wing and rearward movemsnt of the center of
Dressure causes.a sharp jncrease in the diving moment.

Horizontal-teil losds.— The variation of horizontal-tail loads
with indicated airspeed was derived with acceleration factor as a pa-—
rameter by using the values of tail-load coefficient given in figure 13.
Figure 1lh shows this variation for accelsration factors of 0, 1, 2, &,
and 6 at a pressure altitude of 15,000 feet. Although the cha.nge in .
balancing tail load in steady unaccelerated flight at indicated air—
spesads from 160 to 400 miles per hour was less than 40O pounds, the
change at indicated airspeeds from 4CO. to 460 miles per hour was over ,
1000 pounds. In a terminal velocity dive (Ay = 0) with the airplene

assumed to be traveling at its limiting speed (475 miles per hour indi-
cated at critical altitude), ‘extrapolation of the curve in figure ll(a)
indicates a down tail load of about’ 2500 pounds. Although this is not
in excess of the down—load for which the tail was deeigned (5290 1b
from the manufacturer'!s analysis), it is conaiderably more than the de—
sign balancing teil load for.the test airplane (—1670 1b).

The' curves presented in figures 1u4(b) and 1h(c) show the portion -
of the total tall icad that the le-ft and right tail ca.rry

In order to illustra.te the effect of altitude on the onset of com—
pressibllity effects on tail loads, the values obtainsed in figure 13
were used to determine the veriation of horizontal-tall loads with pres—
sure altitude at constant values of indicated a.irspeed in steady .
unaccelerated flight (Az = 1.0). The results are presénted in figure

15. From figure 15(a), it is apparent that, at &n indicated alrspeed of
250 miles per hour, compressibility has very little effect on tall loads
over the entire altitude range of the test airplane. At indicated
speeds of 350, 40O, and 450 miles per hour, compressibility starts af-
fecting the tail loads at about 20,000, 15,000 and 10,000 feet, respec—
tively. The converging of the curves in figure 15(b) at a down-load of
about 200 pounds at sea level is the result of the combined action of
power (slipstream rotation) and the normal change in balancing tail load
with indicated amirspeed; compressibility effects would not enter the
picture since the Mach number at 450 miles per hour indicated airspsed
at ses,. level is only 0.59. The increase in down—~loads at the medium to
high pressure altitudes may agein be sesn t0 be greatexr for the right
tail then for the left. (See figs 15(b) and 15(c).) .

Eorizggtal—ta.i.l—-;ca.d. gre.d.ien — By plotting the &lopes of the
normel~force—coefficient curves in figure 11 as & funétion of Mach num-

ber, figure 16 was obtained. This figure presents the variation with
Mach number of the rate of change of tail normal~force coefficient with
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airplene 1lift coefficlent.  These curvesg-are similar in shape to curves
of tail-locad gradient (defined as the change in tail load in pounds for
a8 changs in acceleration factor of 1.,0) as a function of Mach number;
therefore, in the following discussion the term "tail-load gradient"
will be used with reference to either parameter. It is to be noted from
figure 16 thet the left tail-load gradient is higher than the right over
the entire epeed renge. A possible reason for this difference at super-
critical Mach numbers is that the left wing encounters supersonic local
speeds slightly before the right wing with the resulting unsymmetrical
change of downwash at the tail with airplane angle of attack. The dif-
..ference -in the left and right tail-~load gradients at the lower Mach
numbers may be attributed to power effects. The small variation with
speed of the total, left, end right tail-load gradients up to a Mach
number of O. 65'ﬁas probably the result of a change in power effects with
speed. Above a Mach number of O. 65, a rapid decrease in the total tail=—
load gradient occurred until a minimum value was reached at a Mach
number of about 0.73. The decrease indicates that the instability

[ ( acMP/acL) ] of the a.irplane with tail off decressed in this
a~t = i

region, as the stabllizing moment slope of the tail in steady flight is
equal to the desstabilizing moment slope of the rest of the airplane. At
Mach numbers above 0.73, the tail-loed gradient increased sharply with
Mach number, indicating rapidly increasing tall-off instability.

The total tail-load gredient in pounds per unit acceleration factor
is shown in figure 17. From this figure and from figure 14(a), the bal-
ancing tail load for a given Mach riumber at any acceleration factor can
be determined by the use of the following equation where each of the
values corresponds to the particular Mach number being considered

Ny F Nto ' (dNt/dAZ)AZ

Since the tests were not carried to the airplane limit design load
factors, the application of. the above formula to obtain balancing lcads
at the design positive or negative load. factors may indicate balancing
loads on the horizontal tail slightly different from those that would
actually be obtained.. Howsver, it is believed .that, for the purpose of
comparing the experimental with the calculated loading at maximum posi-~

. tive and negative load factors (Discussion section), the error intro—
. duced by the, extrapolation is small and the advantages gained by its ues
cutweigh any posasible obJection.
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Ve.riation -of Root Bend.ing Moments and. Fu.selage ‘Iorsiona.l

Mbments with Me.c]’:l Number : -.«',_ g _;, S

P Bend.ing momentz-a Beca.uee & trernd towa.rd high aeyme’c,ric loa.d.s on
the horizontal .tail was noted at high Ma.ch numbers, an invest‘.ige.tion .
wes made into the possibility of critical- bending moments on the tail
and high torsional moments at the rYear fuselage sections. In order to
detormine whether the increaged d.ewn—loa:d.e on the tail at the higher
Mech numbers were accompanied. by a redistribution of these loads, the
left and right tail bending moments about the root chord were obtained.
These méments were then reduced . to coefficient form end plotted as a
function of Iift coefficient as in figire 11. Cross—plotting the values’
of moment coefficient in these figures es a function of MachH number gave
figure 18.

An inspection of the curves in figure 18(a) shows that there was
little va.riation 1n CM::L as the Me,ch number increased, the most-

noticea'ble change occurring es the ‘Mach number ‘exceeded e.bout 0.72 at
~+‘the lower 1lift coefficients: (No doubt similar or perhaps more merked
cha.nges would ha.ve been noted at the higher 1ift coefficients if 'bhey
had’ been obtainsd at correspondingly high Mach numbers.) " In figure
18(b) the varia.tion of cMr in the lower ‘Mach number range

(M = 0 30 %o 0 60) wasg, due mostly to load changes resulting ‘from the
effects of power (slipstresam rotation). At higher Mach numbers: , the
-bending—moment changes arose from two effects: (l) the | increa.se in the-
down—loads on the tall at & constant 1lift ccefficient, and (2) & redis<
tribution of these loads. In ordér tc determine the che.nge in tha -
lateral diStance to the center of pressure that cccurred. with Mach num—
ber, the values in figures’ 18(a) and (b)) and 13(c) and. (b) were used.
Figure 19 shows the variation of the lateral distance to the center of .
pressure on the right and left tail with Mach nimber for, a.irpla.ne 1ifs .
coefficients of 0.50 and 0.80. The curves for the lower values of lift
coefficient wdre not included because they wers too inconsistent.due to
both the small tail loads and the small bending moments. However,
several of the highest Mach number points were included at the lower
values of 1lift coefficlent for both the left and right tail because the
down—~loads were sufficiently large to énable dependable values of center
of pressure to be determined. In geéneral, it can be conclud.ed. from
figurs 19 that thérs was little movement. of the center of -pregsure on’
ths right and left tail up to & Mach ‘numbey of "0, 73 At the highest
test Mach numbet, however, the center of pressuré’ wak inboard about 3
feet on the left tail and approximately’ l~- feet ‘on the right tail as’

compa.red, with the va.luee e.t lower sPeeds end. higher 1ift coefficients.
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Fuselage torsional moment.— The variation with Mach number of the
fuselage torsional~moment coefficient is presented in figure 18(c).
convergence. of - the curves at a Mach number of 0.30 for the different
lift~coefficient parameters, at & torsional-moment coefficlent of about
0.020, is of interest. This fact .indicates that the fuselags torsional
moment at low speeds was proportional principally "té propeller~torque
céefficient. The genersl trend for.the torsional moments to increase
beycond a Mach number of about 0,65 is also of interest “end follows, of
course, from the fact previously noted that the’ right side of the tail
carried a greater part of the increased down—load at supereritical -
speeds. TFigure 20 presents curves of left and right bending moments
and torsional moments as & function of Mach number &t an airplane 1lift
coéfficient of 0.10 to show the actual magnitude of the mement changes
in foot—pounds. .

Variation of Section Loads with Mach” Number

Of paramount interest is the possibility" that qualit&tive and per—
haps quantitative “informatlon regarding the effect of compressibility .
on total horizontal~tail loads may be obtained from pressure-distribution
measurements at several carefully selected spanwise stations instead of
from complete measurements on the entire horizontal-tail surface, . In ~
order to show whether this poesibility exists, the values of section
normal-force moduli (section normal force divided by free—stream dynamic
pressure) at four spanwlse statlons were. obtained from figure 11 and,
‘after conversion to coeffieient form,. plotced g8 a function of total,
tall normel-force coefficient. The results are preasented in figure 21
. Also shown in figure 2lils.a comparison’of the total nérmal-force
Goefficient with the individual section normel-force coefficients at
zero 1lift over the test Mach.number range. The important observetions
to be made from this figuxe are first, that except for station C on
~ the left tail, the section.coefficients at zerc 1lift and high Mach num- _
" bers veried in substantially the. samp manner wi'li Mach number as did ) o
the total tail-load .coefficient. At thé lower speeds, power effects
resulted in large:discrepancies, particularly for the outboard sec—

;‘tions. Second the approximate paralleliam of the curves of c, 'as a

function of CN ' indicates “that, except for. station C on the left

tail the 'section load gradients changed in, about the same manner with

Mach number as d1d the total tall-load gradient, Another point to be .
-noted in figure 21 is that the inboard sections carried more of the in-—

creased load on the tail than did the outbogrd sectichs as the 1ift.

,coefficient was increased at high Mach.numbers. Figure 15(1) of ref- v
" erence 2 shows that there was a marked decrease in 1lift at the wing

stations adjacent to the fuselage at & Mach number of 0.78 and a lift
coefficient of 0.20. Consequently, a decrease in the rate of changes of
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dovnwash with lift coefficient directly behind this part of the wing re-—
sultad. in larger load gra.dients for the’ in’poa.rd. tail sections :

‘,;_...

In order to dsteruuna whether quanxitative informatlon regarding
the effects of. compressibility on total teil loads can be obtained from
measurements at.only four stations, the average of the values of normal—
force coefficient measured at these stations was plotted as a function

"of total tail normal-force coefficient at ssveral values of Mach number.
Also determined was the va.rie.'b'on with Mach number of the average value
of normal-~force coefficient at zero 1lift for the four stations. The
results presented in figure 22 show thet. the average of ‘the section

- .cheracteristics is in excellent agreement with the total tail charac—

teristics over the Magh number range.

DISCUSSION

s e -

Tail Loads’ h ' ot

The following discussion is devoted mainly to showlng whether cur—
rent design specifications are conservative in predicting the magnitude
and distridbution of balancing loads on the horizontal-tail surfeace at
high speeds. This may be best accomplished by first discussing “the
significance of .the experimentel balancing tail loads obtained over the
speed range of the test airplane at its maximum positive, zero, and
meximum negative load factors, and then comparing these experimental
loads calculated according to the methods set forth in current Axrmy de—
sign specifications. (In ordsr to permit a com@arlson of computed with
experimental loeding, it weas negessary to waive the requirement in the
‘Army specifications which state that high--spesd—-tunnel data shall be
uged for airplanes operating ‘2t high Mach numbers.) The calculated

loads were first determined essuming no compressibillty effects; then
compressibility corrections were made to the wing drag and to the wing
‘pitching moment at zero 1ift to account for the effect of their change
" on the calculated balancing teil losds at high speeds. A detailed ec—
count of the methods used to calculate balancing tail loads assuming
both incompressible and compressible flow is given in the appendix. The
method of determining the experimental belencing tuill loads at any speed
and acceleration factor has already been discussed under Results.

" Figure 23 presents the variation of calculated and experimental
tail loads with indicated eirspeed at the limit positive, zero, and

- 1imit negative load factors. Theré are several interesting observa-
tions. to be made from this figure; one is that there are two points at
vhich-either maximum up—loads are obtained or a trend toward critical
up—-loads is apparent. The maximum up-load is obtained at about the
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minimum speed at which the- design positive load factor of the airplane
can be atteined, and a trend toward critical up—loads is obtained at
the maximum test speed of the eirpléme. Although the maximum positive
loads so obtained are considerably below the design critical locad on
the tail (5290 1b), it must be remembered ‘that the momentary up—loads
introduced by deflecting the elevators @ownward to pitch the airplane
out of a dive pull-out, or to- prevent the positive load factor of the
eirplene being exceeded,-must bé added to the balencing tail loads. This
point should be emphasized, because it is entirely possible to visualize
e case where, as the spesd chenges during a high Mach number dive pull—
out, the compressibility effects ofi the wing pitching moment and on the
airplane stablility would xesult in an. abrupt increment of stalling mo-
ment which would have to be countersd quickly by deflecting the eleva—
tors downward to prevent the wings being overloaded.

In addition to the maneuvering loads that are introduced by abrupt
deflections of the elevator, theire is the possibility of excessive loads
being encountered in & high—speed, high-~g stall, Two important contri-—
butions to critical up—tail loads during a high-speed stall are first,
the momentery loads immediately following the stell may bé increased
about 100 percent over the load Just before the stall because of the
abrupt decreese in downwash from the stalled wing and second, the fluc—
tuating downwash from the stalled wings coupled with the increased’
energy in the higher-speed air stream might vésult in dynamic stressés
which could lead to tall fallure even though an airplane remeined within
the boundary prescribed by its speed-strength diesgram, The possibility
of stalling inadvertently at high speeds is increased by the fact that,
for conventional airfoils; the value of maximum 1ift coefficient de--
creases repidly with increasing Mack number.: "(See reference k.) If,
for a given airplane, an'unusually rapid- decrease does occur, it would
be advisable to have the normal high—speed _high—g belancing tail load
less than half the dssign up--load because ‘of the possibility of over—
loading the horizontal tail during a high—speed stall

Anotherfinteresting observation to be made in figure 23 is that the
meximum belancing down-loeds will occur at the airplane meximum test
speed and: at the design’ negative load factor

A comparison of the calculdated with the experiméntal loads (fig. 23)
shows that, at zero locad factor, the computed loads are in excellent agree—
ment with the experimental up to an indicated airspeed of sbout 420 miles
per hour (0,72 Mach number). At progressively higher speeds, the actual
down—~logds increase much mokre rapidly- than the calcilated, until at the'
highest test speed, the computed loads (corrected for compressibllity)
underéestimate thé actual loads by over TOO pounde Curves are presentei
in figire 24 showing the calculated and the experimental variation of i

1%
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(CMP ) with Mach number. The change in the experimental valuve

of (CMP up to a Mach number of 0.72 is the requ_.'l; of the

thrust moment decreasing as the Mach number is increased above O 3 Be~
yond a Mach number of 0.72, the effects of compressibility are predom—
inant and are manifested by a sharp increase in the negative value of

. <CMTPQ > . A compar:.son of the ca,lcule.ted curve (corrected. Tor
a~t

compressi'bility), with the experimen’ta.l curve shews 5006. agreement up
to a Mach number of 0 75 At higher Mach numbers, however, the computed.

<

values of ( MP > become increa.singly unconservative, It should
BN T : o i

be noted at this point that, although the compressibility increment to
the balancing down~load at: high .speeds may not be critical for airplanes
having wings with little or no camber (such es the test airplane), it
may be very critical for airplanes having wings with high negative
moment coefficients at zero 1lift and low speed, since the adverse ef—"
fects of compressi'bility would increase .the initially large down—lcads
necessary to balance the a.irplane at high speed.s (a.nd. zero 1ift).

At Jow and medium speeds the computed loads corresponding to ma.xi-
mum positive (7.33) and meximum negative (~3.0) load factors were about
10 percent_ lowsr than the actu&l loa.d.s Since computed va.lues of

( CMp > . agree well with experimenta.l values, 'bhis discrepa.ncy
a—t

must be due to the fact that the calculated destebllizing mements of the
wing, the fuselege, and the propeller are too low. The discrepancy cor—-
responds to an errur in the estimation of the aerodynamic center (tail
off) of about 1.2 percent mean aerodymamic chord in the low— and .
medium-speed ranges.: At speeds where Mach number effects become impor—
tant,' the conventional methods used for accounting for compressibillty
fa.iled. completely to follow the varistions in the actual tail loads.
Thus, the rather rapid reduction of the experimental up—loads (corre-
sponding to meximum positive load factor) beyond an indicated speed of
400 miles per hour and the sharp reversal toward increasing up—loads at
an indicated speed of 44O miles per hour were not predicted by the cal—
culated values. Similarly, the decrease 1n the actual down-loads
(correspending to meximum negative load factor) beyond an indicated
speed of 360 miles per hour and the sharp drop toward larger negative
loads at indicated speeds above U420 miles per hour were not predicted.

*
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These discreparncies arise from the fact that the tall--off instability

. _ . . .
: , : th
[( dCMP/dCL) ot ] as well as the value of < CMPO ) of the
a~t
airplans were not predicted accurately at high Mach numbers, This is an
important point since high—speed A~ 1 tésts have generally shown
that, at very high Mach numbers, C will rapidly change in a

positive (stalling) direction after having reached a minimum negative
value, If, at the same time, the aerodynamic center of the airplane
continues ta move rapidly forward (or tail-off instabllity incressed),’
then & critical loading condition on the horizontal tail is indicated.
Figure 25 compares the, experimental curve of the asrodynemic center of
the wing-fuselage~propeller group &8 & funétion of-Mach number with the
calculated curve, The experimental curve was derived from the curve of

cht/dCL ags & fumction of Mach number in figure 16. The calculated

aerodynemic center at a given Mach number was determined from the index

tail—off stability of the.airplane I < dCMP/dCL‘> N ] which was

determined by computing the net destabilizing moment of the airplane
minus teil by methods given in the appendix for two values of lift co—
efficient and assuming & linear variation of the moment coefficient with
1ift coefficient. It is interesting to compare the curves of tail-—off
.aerodynamic center with & simllar curve, also shown in figure 25, which
1s dependent on the shift in aerodynamic center on the wing only as the
Mach number increases above 0.3. This effect was .computed from wing

pressure-distribution data presented in reference 2 for 1ift coefficlents

of 0.1, 0.2, and 0.5. A definite similarity in the shape of ‘the experi—
mental curvees is shown.

A comparison of the calculated loads on one side of—the tail with
the ‘experimental left and right tail loads isshown in fTigure 26. The
calculated loeds (assuming symmetrical loading) were determined by di—
viding by 2 the total loads.in figure 23, Because of the positive
asymmetry of the actual lecads at all indicated speeds- except between 330
and 390 miles per hour at zero load factor, and because of the positive
asymmetry of ths tail~load gradient, the left tail carried an increasirg
percentage of- the total up—loads at high speeds and load factors, and
the right tail carried a greater part of the total down-load at high
speeds and .zero or-negative load fgctors, It follows that the computed
- loads for the left tail will, in geperal, be more unconaservative than
will those for the right tail This is borne out by figure 26 which
shows +that the calculated up-loads &re conservative as compared - with

the actual right tail loads and unconservative as compared ' with the
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oxperimental left taill loads. At zero and meximum negetive load factors,
the calculated loaeds show good agreement with the experlmental loads
except at the highest speeds where they hecome unconservative.

Roat Bending Moments

In order to show whether current design specifications are conserv-
ative in predicting the distribution of balancing loads over the .
horizontal-tail surface, the root bending mowente wore determined over
the speed rangs of the airplane and at the maximum positive load factors.
Bending moments at zero and negatlive load factors wers not consildered
because they are not critical as far as maxirmun bending moments are con-
cerned. The experimental bending momente were obtained by combining, the
values of teil load corresponding to the meximwn positive load factor,
in figure 26 with the date in figure 27.which show the veriation with M
of the latoral disbance to the center of pressure at the meximum posi-
tive load-factor. Also shown in-figure 27'is the calculated locetion of
the latersl distance tc the center of pressure obteined by determining
the centroid of area of one side of the tall. The experimental and
calculated bend.ing—moment curves are presented as figure 28.

The experimental curves reveal that the critical bending moment on
the left and right tail willl occur at the minimvm speed at which the
design load factor can be ohtained. At higher speeds the bending
moments drop off, at first gradually, then more ‘sharply as the speed is
increased beJond the point where compressibility causes the center of
presgure to shift inboard. Comperison of the calculated with the exper-
imentel results shows that the calculated bending moments are uncon-
servetive over most of the spsed range much more for the lefd tail than
for the right: This follows because the calculated loads are uncon-
servative as compared with the _eXperimental results on the left tail,
and the calculated distance to the ¢enter of pressurs i1s inboard of 'the
experimental values on both the lsft and, the right tail. At high speeds ,
the calculated bending moments tend toward conservatism meinly because.
the experimental cen-ber of pressure shifted inboard e.'b high Mach num- '

bers.. . . N _ SR

Asymmetric Loads

The experimental asymmetric loads dardved from the cuwrves in fig-

urs 26, corresponding to the meximum positive load Factors , are shown |

in figure 29. These curves were chosen because the combination of left
and right taill, loads. for these condi‘bions resulted in the maximup exper-
imental asymmetric: loasds. ' 'The' calculated asymietric loads were obtained
by methods outlined. in cur'r'ent Army specifications wh:ere it'is snecified.

‘

|
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that the load over one side of the tail is equal to the maximum load foar
that side obtained from eny conditions, while the load on the other side
is the load from the foregoing condition multiplied by a-factor )
1-(n/7.33) where n is the limit meneuvering load factor for which the
airplane is designed. For the purposes of this report, n is deflned
as a value which is limited by the stall at low and medium speeds and by
structural considerations at high speeds.

Applying the methods given in the Army specifications with this
interpretation resulted in the calculated curves shown in figure 29. A
comparison of these curves with the experimental curves shows that -the
maximum calculated asymmetric load occurs at the minimum speed at which
the design load factor can be reached The calculated values are very
conservative over most.of the speed range becoming less conservative at
the highest speeds, particularly for the curve corrected for compressi~ -
bility. .

Torsional Moments

In order to investigate the accuracy with which the present design
specifications predict torsional moments, the calculated and the exper—
imental torsional moments were obteined for conditions giving the maxi— -
mum experimental torsional moments at any speed, in this case the
condition of meximum positive load factors. Since the torsional moment
is defined as the left tail bending moment plus the right tall bending
moment, 1t is evident that the experimental torsional moments can be
derived from figure 28. The calculated torsional moments can be ob--
tainéd from the values given in figure 29 and the calculated values of
center of pressure given in flgure 27. ' The curves eso obtained are shown.
in figure 30. Again it is noted that the calculated values are conserv—
ative over the entire speed range, the margin of conservatism becoming
less at very high speeds, particularly for the curve corrected for com—
pressibllity.

Chordwise and Spanwise Loading

In order to permit comparison with corresponding experimental date,
calculations have been made of chordwlse and spanwise loadings at four
values of lift coefficient and Mach number. One point was chosen at a
high value of 1ift coefficient and an intermediate Mach number to corre—
spond to one of the conditions where critical loading of the tail in g
rositive Qdirection wes indicated. The other three points were teken at
the highest Mach numbers (0.78 and ebove) and at 1lift coefficlents cor—
responding to the maximum, an intermediate, &nd the lowest acceleration
reached at these speeds., Figure 31 compares the experimental with the
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calculated loading over the tail. The calculated load was distridbuted
over the horizontal tall according to the methods specified in current
Army design requirements. .

Comparisons of the distributions in figure 31(a) shows that the
celculated loading predicts. the stabilizer leading-edge loads fairly
well for the right but not for the left tail., The calculated elevator.
loads are of about the sams magnitude as the experimental but they act
in an opposite direction, since current design specifications do not
require a consideration of elevator angles in designing the tail for
balancing loads. It is also tc be noted that the calculated spanwise
loading underestimates the actual bending moments thet exist on both
the right and left tail. (This has already been noted previously.) In
figure 31(b) the calculated load is so small that the chordwise loads
are hardly discernible, and the resulting unit span loads were too
small to be .plotted. From this figure it can be seen that the actual
load, even at maximum acceleratior reached at this speed, is much larg—
er, negativély; than that predicted. It can also be seen that the
change in. the direction of the experimental load across the span 1z not
predicted. The predicting of this tyPe of loading is, of course, diffi-
cult if not impossible by ratiomal methods at the present time; but the
importance of this type of loading should not be overlooked, since pres—
ent design specifications may predict fairly accurately the total tail -
load at = given condition and still be critically unconservative in N
predicting actual bending moments, torsional moments, and chordwlse loai_
distributions. Figures3l(c) and (d) also show considerable disagreemernt
between calculated and experimental loadings. The very high experi-
mental negative unit-~span loads at the inboard stations and the
assoclated high down~loads at the stabilizer lesading edge are completely
misrepresented by the calculated loading., It appears from these daia,
therefore, that the use of current design requirements might lead to
large and perhaps critical ertors in designing the rios, skin, leading
edge, end spars of the horizontal tail e

CONCLUSIONS . e

From results of tests made on a typdcal propeller—driven pursuit
airplane up to a Mach number of 0.79 and with the test center of grav—
ity located at 30.3 percent of the mean aerodynamic chord, and from s
comparison of the calculated tail loading, using modlified current Army
specifications, with the experimental 1oad1ng, the following conclu— .
slons may be draym:

1. Because of the effects of com@ressibility on the balanclng tail
loads at high Mach numbers, the design procedures which do not ad~ )
equately account for these effects may yield balancing loads which )
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underestimate the actual values. For the test airplane, the compreesi—
bility increment increased the balancing down—load at zero load factor
by over 150 percent at the highest test Mach number,

2. Extreme up—loads on the horigontal tail may develop in accel-
erated Tflight at medium and high speeds. .In accelerated maneuvers at
high Mach numbers, the very rapid increase in tail—off instability such
as experienced by the test airplane, may lead to up—loads in excesas of
that for which the tail is designed :

3. Critical torsional moments on the rear fuselege sections and
excessive tail bending momesnts mey result because of the trend toward
high asymmetric loading of the horizontal tail at high Mach numbers,
For the test airplame, the effects of compressibility were to decrease
the left tail and to increase the right—tail bending momente at the
higher Mach numbers. At higher values of 1ift coefficient (0.5 to O .8)
there wes little movement of the lateral distance. to the center of :
pressure.on the left or right tail up to0 a Mach number of 0,73. Beyond
that Mach number at low 1ift coefficientes (0O to 0.l), the center of
pressure was. inbogrd of the vel lues at lower speeds particularly on the
left tail, . .

4k, It appears that pressure-distribution measurements at four ste—
tions (about equally spaced along the. tall span, two.on each side of
the horizontal tail) would suffice to provide guantitative information
applicable to the design of the whole horizontal-teil surface. On the
test airplane, the effects of compressibility on total tall loads were
shown qualitatively by ¥ésults of pressure~distribution measurements at
each of the stations except- that on the lef+t tail about 4 feet outboard
of the fuselage center line.

. The calcul&ted compressibility increments used'to correct the
computed taill loads for the test airplane at high speeds were small and,
except for the critical down-load conditions, could be neglected.

6. Because the variations in the tail-off moment coefficient at
zero 1lift and in alrplane stability were not predicted accurately by
modified current methods at the higher Mach numbers, the computed tail
loads, which showed good agreement with the experimentel loads at lower
speeds, falled to predict the changps in actual loading at the higher
Mach numbers. " : .

7. The calculated root bending moments were unconservative over
most of the speed range as compared with the experimental values, except
at the highest -speeds-where "the actual center of pressure on the left
and right tail moved {nboard of the calculated value. ' '
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8. The meximum calculated asymmetric loads asnd fuselage torsional

Fi moments were conserva.tz.ve as compa.red. with the meximum experimen‘bal
values. o . '

9. The specified chordwise distribution of the balancing tail loads
over the horlzontal-tall surface was considerably in error undsr cer—
tain conditions because the actual section angle of attack (contrary to
whet was assumsd) was not constant across the tail span, and because the

elevator angle was not taken in‘bo account in distributing the chordwise
loads,

Ames Aeronautical Laboratory,
Nationel Advisory Committee for Aerona.utics 5
Moffett Field, Calif., August 28, 1945.
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APPENDIX

. Computation of Balancing Taeil Loads

With several modifications, the methods outlined in current Army
design specificatiens were used to determine the calculated tell loads
over a range of spoeds and 1ift coefficients. The methods used to cal-
culate balancing tail loads in this report differ from those specified
in the Army requirements in the following particulars:

1. The teill-off moments of the airplane were determined by combin-
ing the momente of the component parts of the airplane fer Ilncompress—
ible and compressible flow instead of from high-spsed wind—tunnel tests
as was specified. The moments likely to be changed cdonsiderably by
compressibllity effects were corrected by the best availsble methods.

2. In calculating balancing tail loads, the destabilizing moment
due to the normsl force on the propeller was taken into account in addi-
tion to the wing, fuselags, and propeller thrust moments specified in
the current requirements. This destablilizing moment due to the propel-
ler was included because, in soms.cases, the computed moment was almost
40 percent of the total destabilizing moment of the airplane

3. The variation of thrust with indicated airspeed corresponding
to the experimental engine power setting of full throttle and 3000 rpm
was used inetead of the specified normel-rated-power setting of 39
inches of mercury manifold pressure and 2600 rpm,

The equation specified by the Army for computing balancing tail -
loads may be rewritten as follows when the foregoing changes are incor—
porated:

(CLI + :Opiz.+ <CM'P ) ¢ C%F + (Tcpvzd z /quc) +C P]qswc

s,

Ny =

The use of the above équation is illustrated in an example where the
balancing tail loed is determined at an indicated airspeed of 463 miles
per hour at 15,000 feet (0.785 Mach number) and at the design positive
load factor (7.33) of the airplane for both incompresgible and com-
pressible flow., The derivatlon ‘of the variocus quantities thet are to
be combined in the preceding equation may best be illustrated by ‘the .
uge of the following table:



Incompressible Compressible
Ttem
Value m?gre“m‘” . Remarks Valus resf‘?‘e“r':;ce Remarks
C, 0.5 |—~—= == Corresponds to 05l (===~ == Same as
' . foregoing con-- Incompresaible
ditions and wing
loading of 35.7
Cp, .02k " | MEx's. destgn| Corresponds to 106 | Unpublighed | = = — — — — — —
eriterie 1ift coeffi- data
- clent of 0.51
(c,,,p ) ~.00k "5 | e oo | —.0073 | Empirical [==—-=—=~~~
o/ W : formula -
dCMpF/d-GL .029 I 029 |« - ==~ Semp ns :
' incompressible
C 006 | - o e = Correaponds o D106 = = = = = Same a8
MPF 1if% coeffi~ incompressible
: , cient of 0.51
I ﬂ‘GMIJ fac} .oug3 T J-—m=mmm——— OUB3} = = e Seme as
: incompressible
CMP LO1T( | -- = = — = = | Corresponds to OLTT ] = = e e e — Same ag )
NFP 1ift coeffi~ incompressible
cient of 0,51 N
To 00k | = Corresponds I.A.8.| .00k | «w = = =~ — Same as .
463 mph, prop. incompressible
eff. 80 percent,
bhp 1125
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Substituting the values for incompressible flow from the preceding table
into the equation gives

Ny = [ (0.51 X 0.046 — 0,024 X 0,067 — 0.00k) + 0,0106

_ 0.00k x 0.00149 x 565% x 11.58% x 0.855
517 X 213.2 X 6.72"

517 X 213.2 X 6.72.

+ 0.0177]
15

Ny = 2240 pounds as compared with the experimental load of 2300 pounds

A

The computed load. assuming compressible flow is changed by the:
amount that ( Mp ) and CD change from their low—-speed values

due to compressibilitv Substituting the corrected values of CD

< MP into the above equation gives

N¢ = ,I:(O.‘jl X 0.046 ~ 0,106 X 0,067 — 0,0073) + 0.0106

_0.00k x 0.001k9 x 565% x 11.582 x 0.855
517 x 213.2 X 6.72

517 X 213.2 X 6.72
15

+ 0,0177 ]

= 1808 pounds as compered with the experimental load of 2300 pounds
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Fig. =

Figure 2.— Top view of the test alrplane a8 instrumented for
flight tests.
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Figure 3.~ Three-view drawing of the test airplane.
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Fi ure 15.- Concluded.
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Figurs 19.- Variatlon of lateral distanoes to center of proasurs on
right and left tall with Maoh nusber. Test airplans.
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Figurs 23.- Qomparison of ozlculatsd with expexrlmental balanging tall loade at maximum poaitivs,
zero and aaximum negative load faptors. Teat airplanes.
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